A strain of Pseudomonas putida (TMB) was found to resemble P. putida mt-2 (PaWl) in its ability to degrade 1,2,4-trimethylbenzene, toluene, m-xylene, and p-xylene via oxidation of a methyl substituent and reaction of the meta fission pathway, but a different regulatory model is suggested. The ability ofP. putida TMB to degrade these substrates was encoded by plasmid pGB (85 kilobase pairs), which showed considerable differences in size, restriction patterns, and DNA sequence from those of plasmid pWWO of strain PaWl.
Pseudomonas strains have been found to be the most versatile bacteria in metabolizing methyl-substituted aromatic compounds, such as toluene and xylenes. The genes responsible for the degradation of toluene, m-xylene, and p-xylene in Pseudomonas putida mt-2 (PaWl) have been shown to reside on a transmissible plasmid, referred to as the TOL plasmid (pWWO) (20) . Kunz and Chapman (10) found that P. putida mt-2 could also metabolize 1,2,4-trimethylbenzene through the formation of 3,4-dimethylbenzyl alcohol, 3,4-dimethylbenzoate, and 3,4-dimethylcatechol, which was then cleaved in an extra-diol position to yield a semialdehyde-related compound, and provided evidence that the ability to degrade this compound was also encoded by the TOL plasmid (pWWO). A similar metabolic pathway was also proposed for P. putida HS1 (11) .
In this work, we describe a new strain of P. putida (TMB) which was directly isolated from an enrichment culture supplied with 1,2,4-trimethylbenzene as the only carbon and energy source (2) . We also provide evidence that the genes coding for the catabolism of this compound are encoded on a plasmid which we compared at both the genetic and regulatory levels with the TOL plasmid (pWWO).
The bacteria used are listed in Table 1 . PaW340, TMB-1, and Escherichia coli strains were maintained on LD agar plates (4) . All the other strains were maintained on minimal medium (10) with 1,2,4-trimethylbenzene or p-toluate as the only C source. A volatile hydrocarbon as a growth substrate was supplied in a narrow glass tube placed in the lid of a minimal agar plate. Water-soluble compounds were incorporated into the minimal medium at 5 to 10 mM. Cultivation was carried out at 30°C.
Plasmid DNA was isolated by the procedure of Hansen and Olsen (7) and then purified with an ethidium bromideCsCl density gradient (5) . Endonuclease digestion and analysis of DNA by gel electrophoresis were performed by standard procedures (4) . DNA restriction fragments separated by agarose gel electrophoresis were transferred to nitrocellulose filters (BA85; Schleicher & Schuell, Inc.) by the method of Southern (16 0°C . The cell suspension (0.2 ml) was incubated with purified plasmid DNA (0.5 to 1 jig) at 0°C for 30 min, diluted by the addition of 3 ml of LD broth, and incubated at 30°C for 3 h with shaking prior to dilution and plating on 1,2,4-trimethylbenzene agar plates supplied with tryptophan and streptomycin for the selection of transformed strains. P. putida TMB was able to utilize 1,2,4-trimethylbenzene and additional aromatic compounds, i.e., m-xylene, pxylene, toluene, and the corresponding alcohols and acids derived from their metabolism. Such growth characteristics are identical to the growth pattern of P. putida mt-2 (PaWl). The growth of TMB on benzoate for 15 to 20 generations led to the formation of the spontaneous putative cured strain TMB-1 (at a frequency of 1%), which had simultaneously lost the plasmid and the ability to grow on all the tested aromatic compounds except benzoic acid. PaW340(pGB), obtained by transforming PaW340 with plasmid pGB, was able to grow on all the substrates which were utilized by wild-type strain TMB (Table 1) .
Benzyl alcohol dehydrogenase, chosen as representative of the early enzymes of the metabolic pathway, and catechol 2,3-oxygenase (EC 1.13.11.2; catechol 2,3-dioxygenase), chosen as representative of the later enzymes, were assayed in Pseudomonas strains after growth on various substrates. The enzymatic activities were measured and compared with those of glutamate-grown cells ( Table 2 ). The results indicated that benzyl alcohol dehydrogenase was an inducible enzyme which showed high levels of specific activity after growth of strains TMB and PaW340(pGB) on 1,2,4-trimethylbenzene, 3,4-dimethylbenzyl alcohol, p-methylbenzyl alcohol, 3,4-dimethylbenzoate, or p-toluate. In contrast, the growth of strain PaWl on 3,4-dimethylbenzoate and ptoluate did not induce the synthesis of benzyl alcohol dehydrogenase. The meta cleavage enzyme catechol 2,3-oxygenase was induced in strains TMB and PaWl regardless of whether the cells were grown either on the hydrocarbon as well as the corresponding alcohol and acid or on benzoic acid; cell extracts of glutamate-grown cells contained less than 10% of the activity measured in extracts of cells grown (20) . Catechol 2,3-oxygenase activity was assayed by measuring the rate of formation of the ring fission product of catechol (375 nm; e = 33,000 mM-1 cM-1) in a 3-mi reaction mixture which contained 0.3 mM catechol, 50 mM phosphate buffer (pH 7.5), and cell extract (10) . Cell extracts were prepared as previously described (3) on an aromatic substrate. No enzymatic activity was detectable in cell extracts of strain TMB-1, which had lost the ability to grow on each of the aromatic substrates, with the exception of benzoic acid.
Strain TMB was demonstrated to carry a plasmid designated pGB, the size of which was estimated to be 85 kilobase pairs (kbp) by comparing the sizes of the fragments (determined from their electrophoretic mobilities) with the sizes of pWWO digestion fragments. A plasmid identical to pGB was detected in PaW340(pGB). No plasmid DNA was found in strain TMB-1 after benzoate curing.
On the basis of the metabolic features, a close metabolic relationship between strains TMB and PaWl was postulated, suggesting that plasmid pGB might share a common trait with plasmid pWWO. To study the relationship between pWWO and pGB, we first compared their DNA endonuclease restriction patterns and then tested the relatedness of cleavage fragments by DNA-DNA hybridization techniques with whole plasmid pWWO or its particular restriction fragments as 32P-labeled DNA probes. The plasmids differed in both size (117 kbp for pWWO and 85 kbp for pGB) and restriction patterns (Fig. 1) .
The DNA-DNA hybridization data obtained with 32P-labeled pWWO and Southern blots of HindIlI fragments of pGB demonstrated a weak homology distributed over the HindIlI C fragment (Fig. 1B ). To investigate the homology level further, we hybridized 32P-labeled pRL3 DNA carrying the upper pathway genes of pWWO and a pBR322 hybrid recombinant plasmid containing the pWWO HindIII A fragment encoding the meta pathway genes to HindlIl fragments of pGB transferred to nitrocellulose filters. In both experiments, no DNA sequence homology was detected with pGB ( Fig. 1C and D) .
In summary, the findings reported here provide evidence that P. putida TMB, the first known isolate from a 1,2,4-trimethylbenzene enrichment culture, carries a plasmid of 85 kbp involved in the degradation of this compound. The induction pattern of the benzyl alcohol dehydrogenase in strain TMB seems to be different from that in strain PaWl, in which two regulons are associated, respectively, with the oxidation of the methyl group (xylABC) and the further oxidation of the carboxylic acids (xylDEGF) (6, 8, 9, 19) . In strain TMB, it could be assumed that only one regulatory gene, induced either by a hydrocarbon or by alcohol and carboxylic acid, is involved. A similar induction pattern has been reported for P. putida PpG7, which harbors plasmid NAH encoding the naphthalene catabolic pathway enzymes (1) . The NAH genes appear to comprise at least two operons, namely, the genes specifying naphthalene conversion to salicylate and the genes specifying the meta cleavage pathway. Salicylate is the inducer of all the enzymes involved in this catabolism, suggesting that they share a regulatory gene.
Despite a functional homology, strain TMB harbors an 85-kbp plasmid with a molecular size and restriction patterns different from those of plasmid pWWO. No DNA sequence homology was observed between plasmid pGB and pWWO catabolic genes. Nevertheless, the extent of similarity between pGB and pWWO at a functional level suggests that pGB could be considered a new TOL plasmid, a class of large Pseudomonas plasmids which carry the genes for the catabolism of toluene, m-xylene, and p-xylene and thus support the growth of host strains on these compounds as sole sources of carbon and energy.
This assumption agrees with previous reports demonstrating that strains of Pseudomonas capable of using m-xylene and p-xylene are widespread in the soil microbial population and bear TOL plasmids which, however, vary in size, structure, and properties (14, 21) . Very few studies have been published on other TOL plasmids at a comparable molecular biological level, mainly because of their large sizes (200 kbp). An investigation of the relationship among DNAs encoding the isofunctional catabolic pathway genes should yield information which would cast light on the evolution of complex inducible pathways and catabolic plasmids.
